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(54) Surveying instrument 

(57) A surveying instrument comprises a solid 
state image sensor (4) arranged to receive an 
image from a telescope, an emitter (6) for emit- 
ting a flash of light towards a target, and a 
controller for detecting and determining the 
position of the centre of the target on the solid 
state sensor (4) based upon the difference be- 
tween an image received when the emitter (6) is 
on, and an image received when the emitter (6) 
is off. Means may be provided for adjusting the 
positions of the respective images, to allow for 
movement of the telescope in the time interval 
between the taking of the images. 
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The present invention relates to a surveying in- 
strument, and in particular to a surveying instrument 
by which it is possible accurately and easily to align 
-the centre of a target with the optical axis of a tele- 
scope of the instrument. 

When measuring distances or angles, the optical 
axis of the surveying instrument telescope must be 
aligned with the centre of the target. Both distance 
measurements and vertical or horizontal angle meas- 
urements may be affected by the accuracy of the 
alignment 

In a conventional surveying instrument, when the 
optical axis of the telescope is to be aligned with the 
centre of a target, a surveyor first uses the telescope 
to colli mate, then adjusts the vertical angle adjusting 
mechanism of the telescope and the horizontal direc- 
tion adjusting mechanism of the telescope using the 
telescope adjustment mechanisms in order to align a 
reticle of the telescope with the target to be meas- 
ured. At a position where the surveyor judges that 
these are aligned with each other, the distance and 
angle are electronically read out, and the value is dis- 
played on a display unit. 

In the conventional method as described above, 
accuracy varies according to differences between in- 
dividual surveyors. Even when measurements are by 
the same surveyor, there may be variations in align- 
ment accuracy due to survey adjustments. Further- 
more, when the target is a long distance away, it is of- 
ten difficult accurately to identify the centre of the tar- 
get. When adjusting the vertical angle adjusting 
mechanism, and the horizontal direction adjusting 
mechanism, it is necessary to lock and unlock a lock- 
ing device, and repeatedly to perform fine adjust- 
ment; this leads to complicated procedures and re- 
quires much time. 

It is an object of the present invention to provide 
a surveying instrument in which it is possible auto- 
matically to align the optical axis of a telescope with 
the centre of a target in order to eliminate individual 
differences between surveyors. It is a further object 
to simplify the alignment procedure and to reduce the 
time required. 

According to a first aspect of the present inven- 
tion, a surveying instrument is characterised by a sol- 
id state image sensor (4) arranged to receive an im- 
age from a telescope of the instrument, an emitter (6) 
for emitting a flash of light towards a target, and a con- 
troller for detecting the position of the centre of the 
target on the sensor (4) based on the difference be- 
tween an image received by the sensor when the 
emitter is on and an image received when the emitter 
is off. 

According to a second aspect of the present in- 
vention, a surveying instrument is characterised by a 
telescope rotatable about a vertical or a horizontal 
axis, or both, a solid state image sensor (4) arranged 
to receive an image from the telescope, an angle de- 



tector for detecting the angle of the telescope. An 
emitter (6) for emitting a flash of light towards a target. 
A memory (17;18) for memorising an image from the 
sensor (4) and a controller for calculating an angular 
5 displacement based on angles which are detected by 
the angle detector when the emitter (6) is on and 
when it is off, for calculating a difference between the 
two images obtained when the emitter is on and when 
it is off by shifting them so that the angular displace- 

10 ment is offset and for detecting the position of the 
centre of the target from the difference between the 
two images. 

The present invention further extends to a sur- 
veying instrument comprising a solid state image sen- 

75 sor (CCD image sensor) where an image from tele- 
scope of a survey instrument is formed, an emitter for 
. emitting flash light to a target, and a survey controller 
for detecting position of the centre of the target on the 
solid state image sensor from difference of the image 

20 signals between the one and off conditions of the 
emitter of the solid state image sensor, or it comprises 
a telescope rotatable around at least one vertical 
shaft centre or horizontal shaft centre, a solid state 
image sensor where an image from the telescope is 

25 formed, an angle detector for detecting the angle of 
the telescope, an emitter for emitting a flash of light 
to a target from the telescope, a memory for memor- 
ising image signals from the solid state image sensor, 
and a survey controller for calculating angular dis- 

30 placement based on angles which are detected by the 
angle detector when image signals in on and off con- 
ditions of the emitter are incorporated, for calculating 
difference between the two image signals by shifting 
them so that angular displacement of each image sig- 

35 nal are offset, and for detecting the position of the 
centre of the target from the difference of the two im- 
age signals. 

The telescope is preferably mounted for rotation 
about a vertical or a horizontal axis, or both. This may 

40 be achieved by mounting it centrally of a vertical shaft 
and a horizontal shaft, for example by way of a trun- 
nion bearing. 

User-notification means may be arranged to alert 
a user of the instrument when the horizontal angle 

45 and the vertical angle of the position of the centre of 
the target are obtained. Similar, or the same, user- 
notification means may be provided to alert a user of 
the instrument when the optical axis of the telescope 
is aligned with the centre of the target. Such user- 

so notification means may comprise an audible or visual 
alarm. 

The invention may be carried into practice in a 
number of ways, and one specific embodiment will 
now be described, by way of example, with reference 
55 to the accompanying drawings, in which: 

Figure 1 illustrates schematically a preferred em- 
bodiment of the present invention; 
Figure 2 shows operation of the embodiment of 
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Figure 1; 

Figure 3 shows the relationship between the de- 
viation of a solid state image sensor and an angle 
corresponding to the deviation; and 
Figure 4 is a block diagram of the preferred em- 5 
bodiment of Figure. 

Figure 1 shows the main parts of the preferred 
embodiment of the invention, in which an objective 
lens 1 , a dichroic mirror 2 for almost complete reflec- 
tion of infra-red light, a condenser lens 3 and a solid 10 
state image sensor, such as a CCD are arranged 
along an optical axis O of a telescope. A triangular- 
shaped mirror 5 is arranged in the positions shown in 
which it faces the dichroic mirror 2. In parallel with the 
optical axis O of the telescope, and with the triangular 15 
mirror 5 at the centre, there is a further group devices, 
namely one side an emitter 6 for emitting flashes of 
modulated light (for example near infra-red light) and 
a condenser lens 7, and on the other side a light re- 
ceiving element 8 and a further condenser lens 9. 20 

Operation of the embodiment of Figure 1 will now 
be described. 

Light emitted from the emitter 6 is reflected onto 
the triangular mirror 5 and the dichroic mirror 2. After 
passing through the objective lens 1, the beam is di- 25 
rected to a target prism (not shown). After reflection 
from the target prism, the returning light passes along 
the same route back to the dichroic mirror 2, from 
where it is reflected to the triangular mirror 5 and 
through the condenser lens 9 to be focused onto the 30 
light receiving element 8. Part of the returning light is 
transmitted through the dichroic mirror 2, and after 
passing through the condenser lens 3 it is projected 
onto the solid state image sensor 4. 

From the phase difference between the outgoing 35 
or emitted light, and the incoming or returning light, 
the distance is determined. 

Visible light returning through the objective lens 
1 passes through the dichroic mirror, is condensed by 
the condenser lens 3, and imaged onto the solid state 40 
image sensor 4. The image is then displayed on a dis- 
play unit such as a liquid crystal monitor, a CRT, or 
any other suitable device, as shown in Figure 2. 

Figure 2(A) shows a target prism 11 on a tripod 
10. along with the surroundings. When the emitter 6 45 
is emitting light, an image of the returning light from 
the target prism is formed in addition to, and overlap- 
ping, that of the visible light. Accordingly, if the differ- 
ences obtained between the image when the emitter 
6 is turned on and the image when it is turned off, an so 
image formed only by the reflected/returning light 12 
is obtained. As shown in Figure 2(B) this image is ap- 
proximately the same size as the target prism 11 from 
which it comes. 

Supposing that the centre of the screen is a point 55 
aligned with the optical axis O, the horizontal devia- 
tion H and the vertical deviation V of the reflected/re- 
turning light 12 can easily be calculated based upon 



the image. By shifting the optical axis of the tele- 
scope by H in the horizontal direction and by V in the 
vertical direction, the optical axis of the telescope can 
be aligned with the target prism 11. 

Next, a description will be given of the surveying 
controller, referring now to Figure 4. 

At a given position along the optical axis O, there 
is an electronic shutter 15. Incident light coming from 
the objective lens 1 passes through the electronic 
shutter 15 and forms an image on the solid state im- 
age sensor 4. Connected to the solid state image sen- 
sor 4, there is an A/D converter 16 and a display unit 
22. A first memory 17 and a second memory 18 are 
connected to the A/D converter 16, and a subtraction 
circuit 19 and a third memory 20 are serially connect- 
ed to the first and second memories 17,18. 

A computing unit 21 is connected to the electronic 
shutter 15, the first memory 17, the second memory 
18, the subtraction circuit 19, the third memory 20 
and the display unit 22. To the computing unit 21 there 
is connected a distance measuring circuit 23, a vert- 
ical drive controller 24 and a horizontal drive control- 
ler 26. The vertical drive controller 24 is arranged to 
drive a vertical motor 25; the horizontal drive control- 
ler is arranged to drive a horizontal motor 27. There 
is also a vertical encoder 28 for measuring the vertical 
angle and a horizontal encoder 29 for measuring the 
horizontal angle. These are provided on the optical 
axis of the telescope, and signals from the vertical 
and horizontal encoders 28,29 are fed into the com- 
puting unit 21. 

A description will now be given of the operation 
of the controller of Figure 4. 

The distance measuring circuit 23 includes the 
emitter 6 and the light receiving element 8. Distance 
is calculated, as previously mentioned, from the 
phase difference between the outgoing (emitted) 
light and the incoming (returning) light. The results of 
the calculation are displayed on the display unit 22 af- 
ter being processed by the computing unit 21. 

Incident light coming from the objective lens 1 
forms an image on the solid state image sensor 4, the 
sensor providing photoelectric conversion. The im- 
age signal from the sensor 4 is then converted into a 
digital signai by the A/D converter 16, and by a syn- 
chronizing/timing signal from the computing unit 21 
which is synchronized with the flashing of the emitter 
6 in the distance measuring circuit 23. the image sig- 
nal when the emitter is turned on is memorised in the 
first memory and the image signal when the imager 
is turned off is memorised in the second memory. 

The subtraction circuit 19 then determines the 
difference between the two stored images, and this 
difference is sent to the third memory 20. The image 
signal 20 which is memorised in the third memory 20 
corresponds to the image shown in Figure 2(B). 
Based upon this image date, the computing unit 21 
calculates the horizontal deviation H and the vertical 
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deviation V of the centre of the reflected/returning 
light 12 from the optical axis O. 

As shown in Figure 3, let it be supposed that the 
V... sojid state image sensor 4 is located at the focal 
- length F of the lens, and that the angle of the reflect- 
ed/returning light 12 entering the solid state image 
sensor be 8. The deviation X from the optical axis O 
on the sensor 4 is then f tan 9. By obtaining the de- 
viation X, the rotational angle required for adjustment 
of the telescope is unambiguously determined. Ac- 
cordingly, regardless of the distance 1(A), 1(B) or 1(C) 
to the target prism 11, the horizontal angle and the 
vertical angle necessary for correction of the tele- 
scope can be obtained by calculating the horizontal 
deviation H and the vertical deviation V on the image. 

Once the horizontal deviation H and the vertical 
deviation V have been calculated, the computing unit 
21 drives the vertical motor 25 and the horizontal mo- 
tor 27 via the horizontal and vertical drive controllers 
26, 24, so that the centre of the reflected/returning 
light 12 is aligned with the optical axis O. 

The computing unit 21 can calculate the horizon- 
tal deviation H and the vertical deviation V as angular 
values. 

As described above, the vertical angle of the tele- 
scope optical axis is input by the vertical encoder 28 
to the computing unit 21, and the horizontal angle is 
input by the horizontal encoder 29 to the computing 
unit 21. Based on the horizontal and vertical angles, 
as well as the deviations V and H, the horizontal and 
vertical angles of the position of the centre of the tar- 
get are obtained, and it is possible to display the val- 
ues on the display unit 22. 

Accordingly, based upon the horizontal angle, the 
vertical angle obtained in relation to the deviation and 
angle of the optical axis O, it is also possible to deter- 
mine the horizontal angle and the vertical angle of the 
position of the centre of the target, even without align- 
ing the optical axis O with the centre of the target. 

As described above, the difference between the 
image when the emitter 6 is turned on, and the image 
when the emitter is turned off, is obtained while the 
surveying instrument main unit remains still, in order 
to obtain the image of the reflected/returning light 
from the target prism 1 1 . It is. however, possible to ob- 
tain the image of the reflected/returning light from the 
target prism based on the difference between the im- 
age when the emitter is turned on and the image 
when the emitter is turned off when the surveying in- 
strument main unit is rotating. This will now be descri- 
bed in more detail. 

The speed at which the image moves with re- 
spect to the surveying instrument is calculated by the 
computing unit 21 based on pulse signals received 
from the vertical encoder 28 and the horizontal en- 
coder 29. The speed of the electronic shutter 15 is 
controlled and driven, as determined by the comput- 
ing unit 21 , at a sufficiently high speed so that the im- 



age is not blurred. 

The electronic shutter is synchronised with the 
emitter 6. As previously indicated, the image when 
the emitter is turned on is memorised within the first 
5 memory 1 7, and the image when the emitter is turned 
off is memorised within the second memory 18. 

An exemplary image in this particular case is 
shown in Figure 2(C) to which reference should now 
be made. Here, it is supposed for the sake of example 

10 that the surveying instrument can be rotated only 
around a vertical axis. 

In Figure 2(C), solid lines indicate the position 
where the surveying instrument is moved to align the 
target prism with the collimation axis of the telescope; 

15 at this point, the emitter 6 is emitting light. Now, when 
the emitter is turned off and the image has been 
memorised, the surveying instrument is rotated into 
the position shown by the broken line. This image is 
then recorded. As will be seen in the Figure, there is 

20 a deviation X between the two images. Accordingly, 
if the difference between the two images is calculat- 
ed, the image of the target prism 11 will also deviate 
by X, and a differential image (the image when emit- 
ting minus the image when not emitting) cannot be 

25 obtained. 

This is dealt with by determining the deviation X 
between the two images, and then shifting one of the 
two images and overlapping it with the other so that 
the difference can be calculated. By counting the 

30 number of pulses issued from the horizontal encoder 
29, these being produced at a time difference A t, the 
deviation X between the image memorised in the first 
memory and the image memorised in the second 
memory can easily be obtained. 

35 The procedure to be followed after one of the im- 

ages has been shifted, and the images overlapped, 
is exactly the same as in the case where the survey- 
ing instrument has not been rotated. A further de- 
tailed description will not accordingly be given here. 

40 Thus, the optical axis O and the centre of the tar- 

get prism 11 can be aligned with one another without 
any manual operation needing to be made by the sur- 
veyor. The positioning of the optical axis O with the 
target prism 11 is carried out automatically with refer- 

45 ence to the secondary picture of the solid state sen- 
sor 4. As a result, it is possible to perform positioning 
with high accuracy, regardless of the distance be- 
tween the target prism 11 and the surveying instru- 
ment. 

so It is possible to align the optical axis O with the 

centre of the target prism 1 1 without manual interven- 
tion by the surveyor regardless of whether the sur- 
veying instrument is stationary, or whether it is rotat- 
ing. 

55 When the centre of the prism has been aligned 

with the optical axis O of the telescope, an LED incor- 
porated in the surveying instrument may be arranged 
to operate. Alternatively, a message may be dis- 
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played on the display unit 22 to inform the surveyor 
of the alignment of the centre of the prism with the 
optical axis O of the telescope. 

If the positioning operation is to be performed in- 
termittently or repeatedly, the telescope follows the 
target prism 11 even when the target prism 11 is 
moved by the surveyor. Thus, the target prism always 
falls within the visual field of the telescope, thereby 
extensively simplifying the operation. 

In determining the horizontal and vertical angles 
of the centre of the target, no manual alignment is 
necessary before the measured value is displayed for 
the surveyor on the display unit 22. As a result, both 
working efficiency and measuring accuracy can be 
improved. 

The optical axis O of the telescope is normally 
shown by means of a reticle line in the optical system 
of the telescope. In the present invention the optical 
axis is indicated by illuminating the reticle. 

While an electronic shutter 15 is provided in the 
present embodiment, the shutter may be omitted if 
the images stored in the first memory 17 and in the 
second memory 18 by the computing unit 21 can be 
otherwise determined or limited in accordance with 
the flashing of the emitter 6. It is also possible to pro- 
vide another emitter for target positioning, in addition 
to the emitter 6 previously mentioned; again, by flash- 
ing this emitter the difference between the on and off 
modes may be obtained. 

The intensity difference between the surround- 
ing scenery and the target prism image may be in- 
creased by making use of the electronic shutter in 
conjunction with an emitter of high radiation output, 
and also by reducing the time necessary to open the 
electronic shutter and synchronously turn on the 
emitter. 

In the above embodiment, the first, second and 
third memories are separate; it is of course to be un- 
derstood that instead a single memory could be used, 
having separate first, second and third storage area. 

The telescope may be rotated around a vertical 
central shaft and/or a horizontal central shaft. Instead 
of using a decoder for angle detection, an angle de- 
tector using a differential transformer may be used. 

Claims 

1. A surveying instrument characterised by a solid 
state image sensor (4) arranged to receive an im- 
age from a telescope of the instrument, an emit- 
ter (6) for emitting a flash of light towards a target, 
and a controller for detecting the position of the 
centre of the target on the sensor (4) based on a 
difference between an image received by the 
sensor when the emitter is on and an image re- 
ceived when the emitter is off. 



2. A surveying instrument characterised by a tele- 
scope rotataWe about a vertical or a horizontal 
axis, or both, a solid state image sensor (4) ar- 
ranged to receive an image from the telescope, 

5 an angle detector for detecting the angle of the 

telescope. An emitter (6) for emitting a flash of 
light towards a target. A memory (1 7;1 8) for mem- 
orising an image from the sensor (4) and a con- 
troller for calculating an angular displacement 

w based on angles which are detected by the angle 

detector when the emitter (6) is on and when it is 
off, for calculating a difference between the two 
images obtained when the emitter is on and when 
it is off by shifting them so that the angular dis- 

15 placement is offset and for detecting the position 

of the centre of the target from the difference be- 
tween the two images. 

3. A surveying instrument according to Claims 1 or 
20 2, wherein the controller includes a computing 

unit(21)for calculating the deviation between the 
centre of the target and an optical axis of the tele- 
scope. 

25 4. A surveying instrument according to Claim 3, 
wherein the computing unit (21) obtains a hori- 
zontal angle and a vertical angle corresponding 
to the position of the centre of the target based 
on an output of the angle detector. 

30 

5. A surveying instrument according to Claim 4, in- 
cluding a display unit (22) for displaying the hor- 
izontal angle and the vertical angle of the position 
of the centre of the target, as determined by the 

35 computing unit (21). 

6. A surveying instrument according to Claim 4, in- 
cluding user-notification means arranged to alert 
a user of the instrument when the horizontal an- 

40 gle and the vertical angle of the position of the 

centre of the target are obtained. 

7. A surveying instrument according to Claims 1 or 
2, including two memories ( 1 7, 1 8) for memorising 

45 images, whereby the time at which the images 

are collected is controlled, the image when the 
emitter (6) is on being stored in one of the mem- 
ories (17) and the image when the emitter (6) is 
off being stored in the other memory (18). 

50 

8. A surveying instrument according to Claims 1 or 
2, wherein the telescope is rotatably supported 
independently about a vertical axis and a hori- 
zontal axis, a motor is provided to rotate the tele- 

55 scope with respect to the two axes and the con- 

troller being arranged to drive the motor to elim- 
inate a measured deviation. 
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9. A surveying instrument according to Claim 8, in- 
cluding user-notification means arranged to alert 
a user of theynstrument when an optical axis of 

^ . the telescope is aligned with the centre of the tar- 

" s " get 5 

10. A surveying instrument according to Claims 1 or 
2, wherein an electronic shutter is provided, the 
shutter being arranged to control the time at 
which the image is received by the sensor (4). 10 
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